In the last years, experimental diagnosis and therapy for cancer patients is performed using nano-micro technologies, and in particular iron nano-microparticles since their ad/absorbance properties, are useful in transporting and maintaining drugs in tumor regions. In this paper, a plasma generation process is used for spraying solid metal (carbon steel wire or rod). By modifying the electric current intensity, material's displacement speed in plasma and the debit of technical argon, iron nano-microparticles are obtained in the form of filled and/or porous microspheres, nano-microtubes and microparticles. They consist of a central core from which tentacles in the form of microtubes emerge. We show the manufacturing process and the formation mechanisms of these particles by using argon plasma. We present and discuss the obtained results.
The processes of generating fine and ultrafine particles can be divided into two main groups: chemical and physical methods. Chemical methods [1] are based on the co-precipitation of metal compounds (oxides, organometallics etc.) in proper environments, followed by the formation of particles dispersed in a liquid matrix [2] . Physical methods [3] are based on solid metal evaporation in plasma arc [4, 5] , tungsten-inert gas (TIG) arc, metalinert gas (MIG) arc [6] , thermal decomposition of organometallics [7, 8] , spraying the metals in plasma jet [9] etc. The reaction products condense on the atoms or molecules of the gas, and particles of controllable dimensions, crystal structure and chemical composition, are obtained [4] [5] [6] [7] .
In particular, magnetic particles with sizes between 1 nm and 100 nm are useful for the production of magnetic nano fluids [1, 7, 8] . However, micrometer sized particles are used in the production of magnetorheological suspensions [10] . They are known as smart fluids [11] , and are widely used in mechanical vibration dampers [12] , clutches [13] , cancer treatment trials [14] etc.
A special class of microparticles are cavitational or hollow ones, such as microspheres [9, [16] [17] [18] , macrospheres [19] , microtubes [20, 21] and microparticles with octopus shape [23] . The later ones are formed from a central core, out of which are branched out ligaments in the same plane. All these particles are also known as container microparticles since the useful substances are adsorbed/absorbed inside them. The containers can be fixed in predetermined positions of interest, through an external magnetic field. For example, FC-4 type microparticles are obtained by processing mixtures of graphite (powder) and Fe x O z in argon plasma jet [24] . The presence of carbon nano-microtubes on iron microparticles represents an adsorbent medium for chemotherapy [24] or it may be a possible way for detoxification of body fluids [25] . Iron microspheres with active substances inside are useful in the treatment of tumors [26, 27] , implants protection [28] , radiotherapy [29] etc.
* email: eanitasro@gmail.com On another hand, by dispersing magnetic nanomicroparticles in liquid polymers (natural rubber, silicone rubber etc.) followed by polymerization in a mixture with a suitable catalyst, with or without a magnetic field, one obtains magnetorheological elastomers [30] [31] [32] with various applications [33, 34] .
Following this line of research, in this paper we will present the production process and formation mechanisms of iron nano-microparticles in argon plasma.
Theoretical background
For plasma temperatures (T 0i ) of about 10000 K, the solid metal iron in the form of wire or rod is instantly transformed into vapors. The molar concentration of iron vapor is: (1) where R=8.314 J/(mol K) is the universal constant of the ideal gas, and p i is vapors pressure. The later depends on T 0i according to (2) where ∆L V is the latent heat of vaporization and p 0i is the vapor pressure at temperature T b .
The movement of gas-vapor mixture is not stable. Inside plasma jet are formed regions with entities containing vapor, divided by regions with gases. If , where ν o is the plasma jet velocity, η is the dynamic viscosity of plasma, and Γ Fe is the surface tension of iron vapors, then the entities defined above are in the form of spheres. If , tubes containing mixtures of argon with iron vapors are formed, which are separated from each other by argon. At the initial moment (t 0i ), we consider that r 0i is the sphere/tube radius formed by the gas and vapors ( fig.  1a ). Then, according to ideal gas law, we can write: The steps of microspheres formation in plasma. a) t 0ithe moment of gas-vapor sphere formation, with radius r 0i . b) t 1ithe moment of liquid membrane formation, with radius r 1i . c) the moment of microsphere formation with inner radius r-2 and wall thickness
. Here, C 0 is the molar concentration of the vapors, C Ci is the critical concentration of nano-microparticles in (sprouts) in liquid phase and O r is the coordinate axis [35].
(
where µ and m νi are the molar mass and respectively the iron vapor mass. The spheres and tubes consisting of gas and vapors are moving with the velocities of the plasma jet. At t 1i , the sphere/tube interface reaches the point characterized by temperatures equal with the temperatures of dew point. Then the sub-cooling of the gas-vapor system is ∆T≡T 0 -T 1 where T 1 is the dew point temperature. Then, at constant pressure the interface turns into a liquid membrane with the concentration of nano-microparticle's sprouts in the liquid phase given by: (4) and with membrane's radius given by: (5) where ∆E is the activation energy of the iron vapor condensation.
Inside the sphere/tube of radius r 1i ( fig. 1b ) a temperature gradient occurs with a direction towards the liquid membrane. The vapor volume element is placed on the membrane. It takes place a non-steady vapor transport [35] and then another volume element takes its place. The process continues until there is no vapor inside the sphere and the membrane's thickness increases up to ( fig. 1c ). At ambient temperatures, particles in the form of nano-microspheres/tubes are formed, the conditions for their formation being fulfilled. Due to the viscosity of gas-vapor mixture, the fluid spheres encounters a resistance. At a given point, and for a short period, the fluid sphere becomes immobile. At this moment, the hydrodynamic spectrum of the liquid medium surrounding the sphere consists of a circular motion around an obstacle, combined with a movement produced by a punctual vortex ( fig. 2) .
The punctual vortex is produced around a circle resulted from the intersection between the sphere and the plane of movement of the liquid medium. Then, the characteristic function of the medium is [35]: (8) where (r,θ) are polar coordinates, ν ∞ is the velocity of the fluid medium, R is the radius of the sphere and Γ is the velocity circulation. The differential equation of current lines is dψ(r,θ) = 0. Then, using eq. (6) we obtain (9) where c is a constant. By using eq. (9), and for r = R we obtain Further, by using eq. (6) we obtain the velocities of the complex movement of the fluid around the sphere: (10) which allows us to write the velocities of the fluid medium along Ox axis such as: (11) and the velocities of the fluid medium along Oy axis, as: (12) By using r = R in eqs. (11) and (12) we obtain (6) from which we obtain the potential's velocities: (7) and the current function and thus (13) The last equation shows that the stagnation points of the fluid medium on the circle with radius r = R are given by: (14) where we have denoted . Due to velocity distribution of the fluid medium on the circular section of the plasma jet, to the intermittent introduction of the metal in plasma, and due to the molar concentration of the vapor, which is small compared to the molar density of the gas-vapor mixture, the quantity will be given by: (15) where the numbers are the discretization factors.
By denoting and using eq. (15) we obtain (16) which shows, that there exist eight stagnation points of the fluid medium on the circle with radius r = R ( fig. 2 ). With respect to these points, the current lines and the cylinders that contain them, take the following positions in figure 2 : at points a) and d) they are tangent to the circle, at points b) and c) their origin is on the sphere, and they sting the sphere at points e) and g). These stagnation centers form the growth centers of the nano-microtubes.
Experimental part Materials and methods
The experimental setup used for producing microparticles using plasma processes is shown in figure  3 . It consists of a plasma generator connected to a power source for the plasma arc transferred, and to the ballast resistance, for the pilot plasma arc. The supply with argon is performed from the argon storage. Cooling the plasma generator is done with tap water. The advance of the rod electrode is realized by the system of material displacement connected to an auto-transformer through a separator.
The current intensity is fixed and the plasma is primed on the rod electrode connected to the positive terminal of the electric source ( fig. 4 ). By modifying the main parameters of the plasma arc transferred (electric current intensity, argon flow and velocity of material displacement) one obtains velocities v 0 of plasma jet, and the temperatures of argon plasma which allow metal spraying. Submicron particles give exothermal reaction in contact with oxygen in the air and thus their production is performed using setups with controlled storage environment ( fig. 5 ).
Plasma is primed in the plasmochimical generator block in argon medium, on the metal rod connected to the positive terminal of the current source. At plasma priming, the metal bar is consumed by spraying, as shown in figure  6 .
A second important way of generating iron particles is the use of a welding head of tungsten-inert gas connected to a power source (item 3 in fig. 5 ) by adjusting the advance velocity of the electrode (carbon steel rod) connected to the positive terminal of the same source current. The melt is sprayed under the dynamic pressure of the plasma jet ( fig. 7) .
Results and discussions
The experimental model in figure 4 , whose overall configuration is shown in figure 8 is used for production of particles in plasma. Fig. 7 . Spraying the carbon steel rod in plasma of tungsten-inert gas arc. 1 -welding head, 2 -plasma jet, 3 -drops of metal sprayed in the argon plasma \Rod diameter is d c =3 . 10 -3 m ± 10%. The chemical composition of steel (in mass percentage) is: C: 0.19, Mn: 10.85, P:0.045, S:0.045, Si: 0.40 and Fe: 88.47. The plasma generator has the nozzle with diameter 2 . 10 -3 m. The distance between the nozzle of the plasma generator and the rod is fixed at δ = 6 . 10 -3 m and . The intensity of the electric current through the plasma arc transferred on the electrode rod is I = 175A dc ± 10% . Rod velocity v and argon flow D, are quantities that change during experiment. For ν = 1.05 x 10 -3 m/s and D=0.35 x10 -3 m 3 /s, rod parts are melted and transported, in a continuous flow, by the plasma gas. Then, through solidification, a solid mass is obtained. Growing the advance velocity of the rod at ν = 1.10 x 10 -3 m/s it results iron micro particles and solidified melt ( fig. 9  a) .
The advance velocity of the rod is maintained at the same value. Instead, we grow the argon flow at 1.00 x 10 -3 m 3 /s. It results 95 % iron micro particles ( fig.11b ) from the total number of particles. Optical microscopy, shows that some micro particles have pores as it is shown in figure 9c . Analyzing a number of about 450 particles, 35 % are microspheres with pores. The medium microsphere The radius of the hollow micro particles is measured at the optical microscope. The volume occupied by the metal is determined, then the concentration of iron is calculated for each species of micro particles. Thus, for the microspheres, the volume concentration of Fe is 12%, for microtubes is 35% and for microparticles with ligaments is 10%.
By tungsten inert gas process ( fig. 7 ) micro particles are generated with shapes and dimensions as shown in figure  12 . The dimension of the particles is between 0.44 µm and 17.09 µm. With the magnetometer YSM-880 (Physica) the magnetization curve of the 178 mg powder is raised [35, 37] . The surface of hysteresis is zero and magnetization of saturation is installed at intensities of the magnetic field 840kA/m and has the value M s = 0.0725Am 2 /g [35, 37, 38] .
Using the installation described in figure 5 , by vaporization of the carbon steel bar in the transferred plasma arc ( fig. 7) , iron nanotubes are obtained with shapes shown in figure 13 and with dimensional distributions shown in figure 14 .
Conclusions
Iron powder with nano-micrometer dimensions can be produced by the metallic solid spraying in the transferred arc plasma and in the discharge tungsten-inert-gas. The granulation of the iron powder depends on the velocity distribution over the cross section of the plasma jet and also on the advance velocity of the material.
The obtained iron powder is polydisperse and magnetisable. By adjusting the main parameters of the electrical discharge, one obtains hollow particles (microspheres, porous microspheres, microtubules and micro particles with a central core) from which the microtubes in the form of ligaments branches out [39, 40] . To decrease the polydispersity of the powder it is necessary to assure uniform velocities in the argon plasma jet.
Collection of iron powder inside a convention hall with gas mixtures (Ar + H2, Ar + N2) can reduce the rate of oxidation of the iron particles.
By using solid metal spraying in plasma and in the inert gas environment, iron nanotubes are obtained. Fig. 13 . Shapes and dimensions of the iron nanotubes (intensity electric current by discharger is 300 A cc , argon flow is 0.00026 m 3 /s and the distance generator-carbon steel bar is 0.005 m)
